We analyze the prospect for observing the lightest and heaviest CP-even neutral Higgs bosons (φ = h, H) in their decays to flavor violating bs (with charge conjugate) final states at the future Large Hadron electron Collider (LHeC), in the framework of the Two Higgs Doublet Model type III (2HDM-III) assuming a four-zero texture in the Yukawa matrices and a general Higgs potential. We consider the charge current production processes e − p → ν e φ q f (φ = h, H), with the flavor violating decays of the Higgs bosons. We consider scenarios of the model which are consistent with current experimental data from flavor and Higgs physics. We also consider the most relevant Standard Model (SM) backgrounds. We find that the lightest (SM-like) CP-even Higgs boson h and the heaviest one H (with mass up to 150 GeV) would have 1-2 Σ and 1 Σ significances, respectively, with 100 fb −1 of data. At the end of the LHeC running, the significances would be increased by ten times and the detection of both Higgs bosons (h, H) would be guaranteed.
Introduction
Since the Higgs boson has been discovered at the Large Hadron Collider (LHC) by the AT-LAS [1] and CMS [2] experiments, the Standard Model (SM) is well established. However, recently CMS reported a slight excess of Lepton Flavor-Violating (LFV) Higgs decays h → µ ∓ τ ± [3] , which is forbidden in the SM and may be a hint of new physics. However, this is not an indication of which new physics may be at work, as one can explain such flavor-violating processes in severals extensions of the Higgs sector. In particular, the 2-Higgs Doublet Model (2HDM) type III (henceforth, 2HDM-III for short) provides one with a phenomenology which can be very rich as far as flavor-violating Higgs bosons decays are concerned [4, 5, 6] , since, on the one hand, dangerous Flavor Changing Neutral Currents (FCNCs) are controlled by the approach of four-zero texture, which, on the other hand, also enables (amongst others) the above hµ ± τ ∓ interactions. In fact, motivated by the enhancement of flavor-violating quarks decays (φ → bs) of intermediate mass Higgs bosons (i.e., with mass below the top-quark mass), we focus on the feasibility of observing the aforementioned LFV processes at the upcoming Large Hadron electron Collider (LHeC) at CERN, which is a future Deep Inelastic Scattering (DIS) experiment at the TeV scale, with center-of-mass energy around 1.3 TeV and an integrated luminosity of approximately 100 fb −1 /year and with a high detector coverage. In this work we study the feasibility of finding, at the next LHeC, the two CP-even neutral Higgs bosons of the 2HDM-III, one being the SM-like Higgs (h) and the second one an heavier Higgs state (H), both decaying to sb pairs.
The Higgs-Yukawa sector in the 2HDM-III
In the generic 2HDM, the Yukawa Lagrangian is given by
refer to the 2 Higgs doublets,Φ 1,2 = iσ 2 Φ * 1,2 . Besides, the fermion mass matrices after Electro-Weak Symmetry Breaking (EWSB) is given by
, l, assuming that both Yukawa matrices Y 1 and Y 2 have a four-texture form and are Hermitian [4] . Taking into account the diagonalization of mass matrices in the following way,
one can obtain for the rotated matrixỸ q n the following generic form [7] :
where the χ's are unknown dimensionless parameters of the model. One can then have the generic expression for the couplings of the Higgs bosons with the fermions, as follows [4, 5] : [4, 5, 8] . In this work, we consider four different realizations of the 2HDM-III, each enabling an enhancement in the Higgs decay with flavor violation φ → sb. The following benchmark scenarios are in fact studied (Higgs and flavor physics constraints are considered, see details in [4, 6, 8] ):
• Scenario Ib: the same as scenario Ia but with cos(β − α) = 0.5.
• Scenario IIa:
• Scenario Y:
Numerical Analisys
For production, we consider the Leading Order (LO) process ep → ν e φ q f , where φ = h, H, q is a light flavor quark (u, d, s, c) whereas φ decays dominantly into bs and the charged conjugation channel (henceforth, bs for short). Taking into account the different 2HDM-III scenarios mentioned above, we are interested in looking for signal Higgs events in the bs mode. We consider for the electron beam energy E e = 60 GeV and for the proton beam E p = 7000 GeV, yielding a center of mass energy √ s = 1.3TeV , this in presence of an integrated luminosity of 100 fb −1 . Tab. 1 shows the model parameters in 2HDM-III for the scenarios Ia, Ib, IIa and Y and the ensuing signal rates both at production and Branching Ratio (BR) level. For all our benchmarks we have that σ .bs is greater than 0.15 fb, so that at least 15 events are produced for an integrated luminosity of 100 fb −1 . To estimate the event rate at parton level, we applied the following basic pre-selections:
where ∆R = ∆η 2 + ∆φ 2 , η and φ being the pseudo-rapidity and azimuthal angle, respectively. We passed the CalcHEP v3.4.7 [9] generated parton level event on to PYTHIA v.6.408 [10] , which handles the parton shower, hadronization, heavy hadron decays, etc. We also took the experimental resolutions of the jet angles and energy using the toy calorimeter PYCELL, in accordance with the LHeC detector parameters given in PYTHIA. There are mainly two types of backgrounds for the Higgs signal: charged current backgrounds: νtb, νbb j, νb2 j, ν3 j and the photo-production channels e − bb j, e − tt. We adopted a simple cut-based method for signal enhancement and background rejection. We have chosen the following selections, and applied these cumulatively, for signals coming from h(H):
• a(A) : We first selected that the event must contain at least three jets. • b(B): We required at least one b-tagged jet with the inclusion of proper mis-tagging.
• • d(D): The missing transverse energy cut / E T > 20 GeV is then applied. This selection is crucial to suppress the photon production processes.
• e(E): A lepton (e or µ) veto with p T > 20 GeV and η < 3.0 is applied.
• f(F): In the central region, defined above in c(C), we reconstructed the invariant mass of one b-tagged jet with all other jets, M b j . We have chosen the best combination where the absolute difference |M b j − M h(H) | is minimal within a 15 GeV mass window.
• g(G): We required the remaining leading jet in the event with p T > 25 GeV, with −5.5 < η < −0.5(−1.0) for h(H) and called this the forward tagged jet ( j f ).
• h(H): The invariant mass of the Higgs boson candidate jets plus the forward tagged jet, which is in fact the overall energy scale of the hard scattering, is such that m h j f (m H j f ) > 190 GeV.
• i(I): Finally we required only one light flavor jet in the central region. This selection is called the central jet veto and plays an important role in these processes.
For more detail see Ref. [6] . Tab 2. shows the expected number of events after different combinations of cuts for signal and backgrounds at the LHeC with 100 fb −1 integrated luminosity for m h =125 GeV. RawEvt stands for the number of events with only generator level cuts imposed, for signal as well as for background: these are calculated from the total cross-section times BR. In the final column we mention 
Conclusions
At the LHeC, having considered 100 fb −1 of data, we found that the SM-like Higgs boson, h, could be observed with approximately (1 − 2)Σ significance. The heavier neutral Higgs boson, H, with a mass 150 GeV would have 1Σ significance. At the end of the LHeC lifetime, with 1000 fb −1 , the detection of both Higgs bosons (h, H) would be certain. All this would occur in the quark-flavor violating decay channels h, H → bs (plus charge conjugate), which would then serve as a probe of new physics, which we have herein attributed to a 2HDM-III.
